Antibiogram typing of methicillin-resistant Staphylococcus aureus with selected antibiotics was evaluated as a primary epidemiological typing tool and compared with ribotyping. Antibiograms were derived with the Kirby-Bauer disk diffusion method by using erythromycin, clindamycin, cotrimoxazole, gentamicin, and ciprofloxacin. For from different geographic areas around the world (22 isolates) or because they had been isolated from recently (<48 h) admitted patients with no link to other known MRSA carriers in the hospital (18 isolates). The other isolates were collected in our hospital over a 4-year period (1989 to 1992) (10).
ciprofloxacin. For typing, antibiogram data were analyzed by similarity analysis of disk zone diameters (quantitative antibiogram typing). One hundred seventy-two isolates were typed. Reproducibility reached 98% for the quantitative antibiogram and 100%o for ribotyping. With three selected restriction enzymes (EcoRV, HindIII, and KpnI), 40 epidemiologically unrelated isolates could be classified into 21 ribotypes, whereas quantitative antibiogram typing classified these isolates into 19 groups. To evaluate the discriminatory power of the methods, we calculated an index of discrimination from data obtained with these 40 isolates. This index takes into consideration both the number of types defined by the typing method and their relative frequencies.
With both ribotyping and quantitative antibiogram typing, high discrimination indices (0.972 and 0.954, respectively) were obtained. When epidemiological links between patients (ward, period of hospitalization, and contacts between staff and patients) were compared with the results of ribotyping or the quantitative antibiogram typing method, it appeared that both methods were able to discriminate epidemiological clusters, with only a few discrepancies. In conclusion, quantitative antibiogram typing, although not necessarily based on genomic markers, is a simple method which enables a reliable workup of methicillin-resistant S. aureus epidemic when sophisticated molecular typing methods are not available.
Patterns of susceptibility to antimicrobial agents are used for typing because they are readily available, easy to determine, and relatively inexpensive. However, an inherent weakness of this method is that changes in antimicrobial susceptibility are often related to environmental factors or plasmids. Furthermore, the method is not always reproducible when the same strain is repeatedly tested and is thought to have poor discriminatory power. To enhance the value of this method as a tool for nosocomial infection surveillance, Giacca et al. (6) As an example, Fig. 1 shows data for three strains (organisms), A, B, and C, for which the diameters of inhibition zones created by three antibiotics, AB1, AB2, and AB3, were measured.
The Euclidean distance between A and B is E. = A/(7-12)2 + (17 -20)2 + (16 -15)2 = 5.9. Similarly, Eu- clidean distances between other pairs of organisms were computed, and the data may be presented as a triangular matrix. A similarity matrix for the data in Fig. 1 is shown in Fig.  2 .
A certain variation of inhibition zone diameters can be observed when the same strain is repeatedly tested. To define a cutoff distance below which discrepancies are due to casual variability, the antibiograms of several isolates were determined twice on different days and similarities between the first and the second determinations were analyzed. The cutoff distance was set up such that >95% of the distances between the first and the second determinations would be smaller than the cutoff. Therefore, the reproducibility of the method would be >95%. Thus, two isolates were considered to be similar when the Euclidean distance between them was lower than the cutoff value.
For ribotyping data, the presence or absence of bands was considered and the mismatch coefficient was used to evaluate the similarity between isolates (2) isolates, d is the number of bands not present in both isolates, and n is the total number of bands.
The algorithm used to produce a dendrogram for both antibiogram typing and ribotyping was the unweighted pair group method of analysis (14) .
Discriminatory power. To compare the discriminatory powers of the typing methods, we used the index of discrimination (D) proposed by Hunter (9) for the situation in which strains cannot be placed into mutually exclusive groups. D is defined as follows:
where aj is the number of strains in the population which are indistinguishable from the jth strain and N is the total number of strains. Each strain is, in turn, compared with all of the other strains to determine how many other strains are similar from it to give aj.
RESULTS
Among the MRSA isolates from 122 patients at our hospital from 1989 to 1992, 88% were resistant to erythromycin, 68% were resistant to clindamycin, 5% were resistant to co-trimoxazole, 87% were resistant to gentamicin, and 79% were resistant to ciprofloxacin.
Quantitative antibiogram typing. the susceptibility result of one antibiotic. In both cases, the minor ribotype or antibiogram changes observed were most likely due to a genetic change in the strain.
Epidemiological evaluation. The values of quantitative antibiogram typing and ribotyping were compared in the epidemiological setting of a 4-year period study of MRSA in our hospital (10) . From 1989 to 1992, 13 epidemic clusters were suspected on the basis of epidemiological data. In nine clusters, involving two to nine patients, all isolates within the clusters belonged to the same ribotypes and had similar antibiograms. In two clusters, involving 10 and 18 patients, six and one isolates, respectively, belonged to different ribotypes whereas the antibiograms were similar. In the last two clusters, involving five and six patients, one isolate in each cluster had a different antibiogram whereas the ribotypes were the same. All of these clusters are illustrated in Fig. 7 and 8 (separated for graphical purposes) , which show dendrograms obtained from antibiogram data on MRSA isolates collected from January 1989 to Januaxy 1991 ( Fig.   7 ) and from February 1991 to December 1992 (Fig. 8) . In one cluster of 10 patients (Fig. 8) , antibiogram typing failed to discriminate five genetically different isolates. In the other 12 epidemiological clusters, both typing methods had the same discrimination, with only a few discrepancies. In epidemiological investigations, antibiogram typing is a traditional typing method used to distinguish between individual strains. It is readily available, easy to perform, and relatively inexpensive. However, one drawback of the method is that markers of antibiotic resistance are often carried by labile or movable genetic elements (e.g., plasmids or transposons) whose selection of expression may depend on environmental conditions. Moreover, since the advance of DNA-based typing methods, it has been repeatedly shown that MRSA isolates which were indistinguishable by antibiotic susceptibility tests could be discriminated on the basis of their genotypes (3, 5, 12, 13, 15, 16) . Thus, antibiogram typing is considered to have poor discriminatory power and is used by microbiologists only in the first instance for rapid screening of the similarities between different clinical isolates.
DISCUSSION
The good results of antibiogram typing in our study were probably due to the following reasons: (i) the usual qualitative antibiogram analysis was refined by adding quantitative measurement of inhibition zones around antibiotic disks, (ii) the five antibiotics used (i.e., erythromycin, clindamycin, co-trimoxazole, gentamicin, and ciprofloxacin) had been selected because they were mostly chromosomal markers which were unlinked and varied among the MRSA strains isolated in our hospital; and (iii) the analysis was restricted to isolates of a well-defined epidemiological setting. Although some genetically unrelated strains showed great similarity by antibiogram typing, this appeared to be relatively infrequent and may be offset by the speed, availability, and the relatively high discriminatory power of this technique. The method could easily be adapted to the epidemiological setting of other institutions by changing or adding antibiotics and redefining the cutoff value to fit the particular hospital and laboratory setting.
The stability of characters of a bacterial clone in a natural environment is another important feature to consider when typing methods are used for epidemiological purposes. Moreover, methods with very high discriminatory power may become so sensitive that they detect epidemiologically irrelevant differences within a single strain, such as point mutations or DNA rearrangements. In our study, we observed only a few such changes in both antibiogram typing and ribotyping. For antibiogram typing, the change appeared during an outbreak lasting 7 months, whereas for ribotyping the 
